Some microbes can transition from an environmental lifestyle to a pathogenic one [1][2][3] . This 16 ecological switch typically occurs through the acquisition of horizontally acquired virulence 17 genes 4,5 . However, the genomic features that must be present in a population prior to the 18 acquisition of virulence genes and emergence of pathogenic clones remain unknown. We
several environmental VAP alleles to show that, while some of them reduced the ability of 23 clinical strains to colonize a mammalian host, other alleles conferred efficient host colonization.
24
These results show that VAPs are present in environmental bacterial populations prior to the 25 emergence of virulent clones. We propose a scenario in which VAPs circulate in the 26 environment, they become selected and enriched under certain ecological conditions, and finally 27 a genomic background containing several VAPs acquires virulence factors that allows for its 28 emergence as a pathogenic clone.
29

Main text 30
Numerous bacterial pathogens have emerged from environmental populations [1] [2] [3] 6 . These 31 virulent clones evolve through the acquisition of toxins and host colonization factors 4, 5 . Given 32 that the genes encoding these factors can often spread widely by horizontal gene transfer, it is 33 surprising that only a limited number of pathogenic clones have emerged from any particular 34 bacterial species. As a model of how environmental gene pools give rise to pandemic clones,
35
we used Vibrio cholerae, a genetically diverse group of aquatic bacteria that include a confined 36 phylogenetic group, the "pandemic genome" group (PG), that can cause the severe diarrheal 37 disease cholera in humans 7, 8 . Seven pandemics of cholera have been recorded to date, all 38 caused by the PG group. The current pandemic is caused by strains of the El Tor biotype, and 39 has spread across the globe in several waves of transmission 9 . Virulence in V. cholerae PG is 40 mainly determined by two virulence factors: the cholera toxin (CT) and the toxin-coregulated 41 pilus (TCP), which are encoded within horizontally acquired genetic elements, the CTXΦ phage 42 and the Vibrio Pathogenicity Island-1 (VPI-1) respectively [10] [11] [12] . Both CTXΦ and VPI-1 are always
43
found in the PG group, however, they are also encoded in some environmental populations of
44
V. cholerae [13] [14] [15] 
58
Consistent with the results of previous studies 7, 9, 17, 18 , PGs form a distinct monophyletic 59 group compared to EGs, based on the aligned core genome (Fig. 1a) . Other than the PG group,
60
there is little phylogenetic structure and the tree is star-like in both datasets ( Supplementary Fig.   61 1 
116
and two of which (ompU and hypothetical gene VCD_001600) were also found in the replication 117 dataset (Table 1) . In contrast to the star-like genome-wide phylogeny (Fig. 1a) , each of these 118 five gene trees support one or more EGs grouping with PGs ( Fig. 1d and Supplementary Fig. 4 ).
119
Three additional VAPs -all hypothetical proteins -were identified in the replication dataset,
120
suggesting the potential for other candidate VAPs to be identified with further sampling of 121 genetically diverse environmental genomes (Supplementary Table 5 ).
122
Among the candidate VAPs, the gene with the most significant excess of mixed
123
nonsynonymous SNPs in both datasets is ompU ( population of clones encoding a mosaic of VAPs (Fig. 3b) . Finally, a genome encoding a critical 182 combination of VAPs acquires key virulence factors allowing it to emerge as a virulent,
183
potentially pandemic clone (Fig. 3c ).
184
Our model posits that VAPs are circulating in the environment prior to the acquisition of 
283
To identify genes with an excess of nonsynonymous mixed SNPs (likely due to selection 284 for amino acid changes), we restricted our search to five genes with ≥ 12 NS mixed SNPs per 285 gene and mixed NS:S > 1.78 (respectively two standard deviations above the genome-wide 286 medians). We used a one-sided binomial test to assess whether the observed NS:S ratio for 287 each gene was significantly greater than the genome-wide median NS:S ratio of 0.5 (after 288 adding a pseudocount of one to both NS and S). Three out of the five genes had a significantly 289 high mixed NS:S ratio (P < 0.05) after Bonferroni correction for five tests (Table 1) . We repeated 290 this procedure in the replication dataset, identifying genes with ≥ 18 NS mixed SNPs per gene 291 and mixed NS:S > 1.65 (respectively two standard deviations above the genome-wide 292 medians). We used a one-sided binomial test to assess whether the observed NS:S ratio for 293 each gene was significantly greater than the genome-wide median NS:S ratio of 0.33 (after 294 adding a pseudocount of one to both NS and S). The results of these tests are shown for genes 295 also identified in the primary dataset (Table 1) and three additional genes identified in the 296 replication dataset (Supplementary Table 5 ).
298
Bacterial strains and plasmids. V. cholerae O395 and V. cholerae N16961 were used as wild-
299
type strains of classical and El Tor biotypes respectively. Strains cultivated on solid medium 300 were grown on LB agar; strains in liquid media were grown in aerated LB broth at 37°C.
301
pKAS154 was used for allelic exchange 43 . When necessary, media was supplemented with
302
antibiotics to select for certain plasmids or strains of V. cholerae at the following concentrations: 303 gentamycin, 30µg/ml; kanamycin, 45µg/ml; polymyxin B, 50µg/ml; and streptomycin, 1 mg/ml. shaker. After incubation CFU/ml of each culture was calculated by plating dilutions in LB plates.
341
Survival was calculated by comparing the number of CFU/ml in LB plus treatment versus LB.
342
N≥6. No samples were excluded. 
351
(40μg/ml). The competition indices were calculated as previously described by others, test 
364
Data availability 365
The nine genomes sequenced in this study (Bgd1, Bgd5, Bgd8, MQ1795, GBE0428, GBE0658, triangle; GBE1173 and GBE1114 are nearly identical, as can be seen in Supplementary Fig. 1 ). 
